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1. Introduction

Gamma-ray bursts

Gamma-ray bursts (GRBs) are short bursts of
radiation peaking in soft gamma-rays
Discovery by the Vela satellites in the 1960s
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Discovery in 1997 by the
BeppoSAX satellite
Follows the prompt GRB
emission in X-ray, optical
and radio bands
Observed durations from
days to months
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GRB 970228 X-ray afterglow

at 8 hours (left) and 3 days (right) after the Gamma-ray burst.

Credit: the Agenzia Spaziale Italiana (ASI) and the BeppoSAX Science Data Center (SDC)
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2. Observations

Typical X-ray light curve

Properties of the early
afterglow have been
revealed by the Swift
satellite (2004 )
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3. Standard model

Main parameters

E,, the energy of the shell of relativistic ejecta after the prompt GRB

I",, the initial Lorentz factor of the shell 1
n(R), the density of the external medium I =
ISM: n = constant \/1— (V/C)2

Stellar wind: n(R) o< R2
€ ,, the fraction of the shock energy given to the accelerated electrons
€ g, the fraction of energy going to the compressed magnetic field
p, the power-law index of the electron distribution

N(’Ye) d’)/e X ,}/e—p dr)/evr)/min < Ve < Ymax E = U /U

shock
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shock



3. Standard model

Hydrodynamic evolution

The shock initially propagates at a S0 F— T T T T
constant Lorentz factor I, !
Deceleration (the shell has lost ~half of i
its initial kinetic energy) after collecting 100
an external mass m=M/I",
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Synchrotron spectrum + equations for
the hydrodynamic evolution ->
theoretical synchrotron light curves
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3. Standard model

Synchrotron spectrum

Fast cooling at early times

All electrons are cooling
Slow cooling at late times

The bulk of the electrons do not cool
Self-absorption affects low
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3. Standard model

Inverse Compton scattering

A highly energetic electron gives some

of its energy to a photon

Synchrotron self-Compton (SSC):

scattering of synchrotron photons by | P

the same electrons that emitted the virtual B-field

photons = syachrotron radiation
The importance of SSC depends onthe = | |

Compton y parameter:

Compton scattering
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3. Standard model

Theory vs. observations

Segments | and Il in a typical X-ray light curve are not predicted by the
standard model
GeV emission
Delayed > 100 MeV emission with a longer duration than the lower-energy emission
Part of the prompt emission or the afterglow?
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4. Numerical modeling

About the code

Based on a numerical code developed to model emission from static
sources (Vurm and Poutanen 2009, ApJ 698, 293)

To model afterglow emission, we solve the kinetic equations describing
the evolution of electron and photon distributions simultaneously at each
timestep

Radiative processes: synchrotron radiation and self-absorption, Compton
scattering, electron-positron pair production

Adiabatic cooling + dilution of particle densities due to spreading of the
emission region

Time-evolving electron injection and magnetic field



4. Numerical modeling

Synchrotron simulations

Simulations of synchrotron
emission from the forward
shock

Parameters: E_, = 1052 erg,
[,=300,n=1Ccm3,€ =
0.1, € 3= 0.05, p = 2.5

Vv P, (erg/s)

Numerical radiation spectrum (solid line) vs. the standard
solution (dotted line) at observer timest=10s(R=1.2 R,
upper curves) and t =104 s (R =6.7 R, lower curves)
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4. Numerical modeling

Synchrotron simulations

Synchrotron light curve at a small frequency interval around E = 500 keV
Parameters: E, =105 erg, [ ,= 400, n=1cm3, € ,=0.1, € 3=0.001, p = 2.3

Prediction of the standard model: F « t-3P)4 = t-2-23
The slope of the simulated light curve is consistent with the prediction
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4. Numerical modeling

SSC simulations

V F, (erg/s/cm’)

Simulations including both synchrotron and Compton processes
Parameters: E, =103 erg, [ ,=400,n=1Ccm?3,€_=0.1, € 3=0.001, p=2.3
Our results are similar to those of Petropoulou and Mastichiadis (2009, A&A)
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4. Numerical modeling

SSC simulations

Importance oftheyparameter Yy = { v e i > 1.
. e ,
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5. Summary

The standard model does not explain all the observed properties of afterglows
The role of inverse Compton scattering?
Reverse shock emission?
Our code solves the time evolution of electron and photon distributions self-
consistently for any particle energies
The numerical synchrotron spectra are consistent with the standard solution

The solutions of the SSC simulations are in good agreement with results previously published in
the literature

Different models will be tested in future work
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Questions?
Comments?
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